University of South Florida

Digital Commons @ University of South Florida
USF Tampa Graduate Theses and Dissertations

USF Graduate Theses and Dissertations

June 2022

The Effect of AAC-Modeling Intervention (AAC-MOD) Within
Dialogic Reading on Vocabulary Learning in Children with Down
Syndrome
Emily A. Mchugh
University of South Florida

Follow this and additional works at: https://digitalcommons.usf.edu/etd
Part of the Speech and Hearing Science Commons

Scholar Commons Citation
Mchugh, Emily A., "The Effect of AAC-Modeling Intervention (AAC-MOD) Within Dialogic Reading on
Vocabulary Learning in Children with Down Syndrome" (2022). USF Tampa Graduate Theses and
Dissertations.
https://digitalcommons.usf.edu/etd/9411

This Thesis is brought to you for free and open access by the USF Graduate Theses and Dissertations at Digital
Commons @ University of South Florida. It has been accepted for inclusion in USF Tampa Graduate Theses and
Dissertations by an authorized administrator of Digital Commons @ University of South Florida. For more
information, please contact scholarcommons@usf.edu.

The Effect of AAC-Modeling Intervention (AAC-MOD) Within Dialogic Reading on
Vocabulary Learning in Children with Down Syndrome

by

Emily A. McHugh

A thesis submitted in partial fulfillment
of the requirements for the degree of
Master of Science Degree in Speech Language Pathology
Department of Communication Sciences and Disorders
College of Behavioral and Community Sciences
University of South Florida

Co-Major Professor: Howard Goldstein, Ph.D.
Co-Major Professor: Keri Madsen, Ph.D., CCC-SLP
Cara Babon, M.S., CCC-SLP

Date of Approval:
May 24, 2022

Keywords: Augmentative and Alternative Communication, storybook reading, speech output
technology
Copyright © 2022. Emily A. McHugh

Dedication
I dedicate this work to my family, whom I love more than words can express.
To my most incredible parents: You two embody selflessness. Every decision you have ever
made has been to ensure your children have every opportunity in life. Words cannot express how
much I appreciate your countless sacrifices for me. Everything I am, I owe to both of you.
To my Uncle Johnny (in loving memory) and my brother, Shane: Thank you for inspiring my
path in life, including this work. Your genuine souls will forever make this world a better place.
To my grandma: Your strength and resilience have been a constant motivator throughout my
entire life. Thank you for always believing in me and encouraging me to believe in myself.

Acknowledgments
I would like to acknowledge and express my deepest appreciation for my mentors, Dr. Madsen,
and Dr. Goldstein, who made my dream a reality with this study. Thank you for taking the time
to listen to my passions, then help me shape them into this work. Both of your brilliance,
expertise, drive, and compassion will forever inspire me.
Also, thank you again to both my mentors and my committee member, Mrs. Cara Babon, for
making my thesis defense a memory I will look back on so fondly; I will always cherish our
enriching discussion and your kind words of encouragement.
Finally, from the bottom of my heart, I would also like to acknowledge and thank the participants
and their families for welcoming me into their lives with such kindness and generosity; without
them, this work would truly not be possible. Words cannot express my gratitude.

Table of Contents
List of Tables ................................................................................................................................. iii
List of Figures ................................................................................................................................ iv
Abstract ............................................................................................................................................v
Introduction ......................................................................................................................................1
Purpose.................................................................................................................................5
Method .............................................................................................................................................5
Participants ...........................................................................................................................5
Setting ..................................................................................................................................8
Materials and Procedures .....................................................................................................8
Books .......................................................................................................................8
Vocabulary Selection ...............................................................................................8
AAC Device .............................................................................................................9
Intervention Procedures ...........................................................................................9
Data Collection ..................................................................................................................11
Baseline Vocabulary Assessments .........................................................................11
Pre- and Post-Vocabulary Assessments .................................................................11
Maintenance Assessments .....................................................................................12
Expressive Responses During Training .................................................................12
Social Validity .......................................................................................................13
Reliability ...........................................................................................................................13
Experimental Design and Analysis ....................................................................................13
Results ............................................................................................................................................14
Target Vocabulary Acquisition ..........................................................................................14
Expressive Responses During Training .............................................................................16
Social Validity ...................................................................................................................17
Discussion ......................................................................................................................................19
Vocabulary Acquisition .....................................................................................................19
Expressive Communication Acts .......................................................................................20
Relation to Current Evidence .............................................................................................20
Limitations and Next Steps ...............................................................................................21
Conclusion .........................................................................................................................23
References ......................................................................................................................................24

i

Appendices .....................................................................................................................................31
Appendix A: Post-intervention Parent Interview Questions (Social Validity) ..................32

ii

List of Tables
Table 1:

Characteristics of the participants with Down syndrome .............................................7

Table 2:

Accurate expressive responses to initial training trials
(maximum 12 responses per modality per book) .........................................................17

iii

List of Figures
Figure 1: Results for target vocabulary acquisition (number of words learned) .........................15

iv

Abstract
The purpose of the current study was to evaluate the effect of aided Alternative and
Augmentative Communication-Modeling (AAC-MOD) intervention on the communication skills
of preschool-age children with Down syndrome (DS) during dialogic book reading. The study
investigated to what extent AAC-MOD is effective in increasing the acquisition of target
vocabulary and expressive communication acts by children with DS who use few words
functionally. Two children aged 3;10 and 5;4, with repertoires of less than 75 intelligible words
were selected. A repeated acquisition experimental design was used to examine the effects of
instruction on target vocabulary word learning and symbolic communication. Results indicate a
functional relation between intervention and both target vocabulary acquisition and expressive
symbolic communication for both participants. AAC-MOD embedded within dialogic reading
appears to be a promising strategy to teach target vocabulary words and increase expressive
symbolic communication acts in this population. Social validity interviews also indicated that the
participants’ primary caregivers considered the intervention appropriate and beneficial for their
children, specifically increasing their engagement with shared book reading.
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Introduction
Children with Down syndrome (DS) present with a group of similar identifiable physical
characteristics but varying cognitive and communication development profiles. Without
intervention, children with DS are at risk for long-term communication difficulties that affect
their quality of life and independent functioning. Consequently, early intervention is critical to
optimize communication development. Children with DS often present with significant difficulty
with expressive communication and reduced intelligibility because of deficits in attention skills,
working memory, and oral motor skills (Chapman & Hesketh, 2000; Finestack & Abbeduto,
2010; Kent & Vorperian, 2013; Quinn, et al., 2020; Romano et al., 2020). Relative strengths of
individuals with DS include receptive language skills, visuo-spatial skills, and social
communication skills (Abbeduto et al., 2007; Abbeduto et al., 2016; Quinn et al., 2020).
Although receptive language skills are relative areas of strength, these skills are still quite
impaired relative to typically developing peers. Therefore, to address communication needs of
individuals with DS, it is necessary to address both expressive and receptive language abilities.
Children with DS are at high risk of communication deficits relative to individuals with
other intellectual and communication disabilities (Fey et al., 2006; Fey et al., 2013; Kaiser &
Roberts, 2013; Quinn et al., 2020). Due to the diverse presentations of children with DS,
effective language interventions specific to this population have been difficult to identify. The
facilitative effect of sign languages and gesture use on both spoken and sign language
communication has been an popular area of research in children with DS; this is due to the robust
gesture use seen in children with DS compared to typically developing children (Caselli et al.,
1998; Franco & Wishart, 1994; Wright et al., 2013). Researchers have found that the use of sign
1

language in conjunction with spoken language is an effective communication strategy compared
to spoken language intervention alone (Gibbs & Carswell, 1991; Jago et al.1984; Kotkin et
al.,1978; Le Prevost, 1983; Weller & Mahoney, 1983; Wolf & McAlonie, 1977). Although the
use of sign language with this population has empirical support, it is important to note that sign
language is not universal across communication partners, which creates another barrier to
effective communication in this population. Teaching children with DS to use Augmentative and
Alternative Communication (AAC) may be a more effective intervention, as AAC can utilize
multiple modalities to help scaffold language comprehension and expression.
AAC has been shown to have positive effects on the communication skills of children
with limited communication (Binger & Light, 2007; Binger et al., 2011; Dada & Alant, 2009;
Harris & Reichle, 2004; Kent-Walsh, et al., 2010; Kent-Walsh et al., 2015; Rosa-Lugo & KentWalsh, 2008; Quinn et al., 2020). However, current research has focused primarily upon
expression with a more limited focus on comprehension (Dada & Alant, 2009; Drager et al.
2006; Harris & Reichle, 2004; O’Neill et al., 2018). O’Neill et al. (2018) postulated several
reasons for this imbalance. First, the natural focus of intervention for individuals who use AAC
is on their ability to express messages functionally. Second, when using AAC, comprehension is
difficult to measure objectively. Without standardized tests, assessment of comprehension
typically requires informal measures of behavioral responses, while physical communication acts
(i.e., pointing to a picture or activation of symbols on a device) are clearer objective measures.
Although message expression is a critical piece of communication, an equally necessary piece
includes message comprehension (O’Neill et al., 2018). Despite the complexity of measuring
comprehension, past studies indicate it can be effectively measured (Dada & Alant, 2009; Drager
et al., 2006; Harris & Reichle, 2004; O’Neill et al., 2018). Therefore, future research
investigating the effect of AAC intervention on comprehension of children with DS is needed.
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Aided AAC input is an overarching term used in the literature to describe a
communication partner modeling the use of AAC symbols on a communication system (low or
no tech communication boards, high-tech speech output technology, or tablets with AAC
applications, etc.). Through modeling individuals may learn to utilize the device independently
through observation. There are several alternative terms used in the literature to describe “aided
AAC input” as a form of communication intervention (O’Neill et al., 2018): augmented input
(Romski & Sevcik, 1996), aided AAC modeling (Binger & Light, 2007), AAC modeling (AACMOD) (Quinn et al., 2020), aided language modeling (Drager et al., 2006), aided language
stimulation (Dada & Alant, 2009, Goossens’, 1989; Goossens’ et al., 1992), and natural aided
language (Cafiero, 2001; Sennott et al., 2016). The underlying components of the aided AAC
input remain constant despite the varying terminology and slight procedural differences across
studies. Sennott et al. (2016) identified the critical underlying component of AAC input
demonstrated across all studies despite minor discrepancies, which is a communication partner
modeling the use of a communication system while simultaneously speaking in a naturalistic
interaction. Although the fundamentals of aided AAC intervention remain similar, future studies
need to provide specific outlined procedures for the intervention described in their study. This is
required for accurate replication of study design to allow effective conclusions to be drawn and
accurate clinical implications (Biggs et al., 2018; O’Neill et al., 2018; Sennott et al., 2016;).
Studies evaluating effects of aided AAC input on comprehension have addressed
preschool age children with mild cognitive impairment (two with DS and one unspecified)
(Harris & Reichle, 2004), two preschool children with autism (Drager et al., 2006), four schoolage children (8 to 12 years-old) with little to no functional speech including one child with DS
and three with CP (Dada & Alant, 2009). For example, Dada and Alant (2009) used a multiple
probe design across activities: arts and crafts, preparation of food, and book reading. The study
3

was conducted in a group setting with four research participants who had never received AAC
intervention. Because the children did not have access to speech output technology, a no-tech
AAC system was used (Dada & Alant, 2009). Following intervention, children were assessed
with a spoken label-to-object matching probe to determine their comprehension of the
vocabulary items targeted throughout the intervention. More clearly, researchers presented a
verbal probe (i.e., “Show me sheep.”) with hopes that the child would select the toy sheep among
four foil toys within the same general category (e.g., goat, cow, chicken, etc.). Results indicated
that all children successfully matched all 24 target words during post-intervention probing task,
which demonstrated that the aided AAC system was effective in teaching target vocabulary items
to these children with limited communication skills. Future studies should investigate the impact
of aided AAC input with speech output technology on comprehension due to their potential
facilitative effect on communication in domains of speech, language, pragmatics, and behavior
(Almeida Barbosa et al., 2018; O’Neill et al., 2018).
A recent study by Quinn et al. (2020) investigated the effect of aided AAC intervention
(AAC-MOD) on communication skills of four preschool children with DS during small group
dialogic reading with typically developing peers. Researchers utilized a multiple baseline design
across target vocabulary sets. A Read, Ask, Answer, Prompt (RAAP) procedure (Binger et al.,
2010) during baseline (RAAP only) was contrasted with an intervention that added AAC-MOD
to RAAP. Dialogic reading sessions were followed by thematic play to assess generalization.
Generalization sessions included the child with DS and a typically developing peer being
provided a set of toys and the iPad (AAC device), both of which corresponded with the target
storybook, to encourage thematic play. This was done to assess whether the child with DS
spontaneously used the device without verbal prompting or AAC-MOD. Results indicated that
AAC-MOD was an effective technique to teach target vocabulary words as measured receptively
4

and increase the rate of symbolic communication in preschool children with DS. Quinn and her
colleagues found an increase in the percentage of correctly identified symbols for three of four
participants and in the rate of symbolic communication for two participants. Previous research
with AAC-MOD has been done in combination with other comprehensive AAC methods (such
as RAAP), without isolating the effects of the added AAC-MOD component (Quinn et al., 2020).
Since this was the first study to investigate the independent effect of AAC-MOD, it is crucial for
replication of these findings before definitive claims can be made regarding the benefits of AACMOD on teaching novel vocabulary words and increasing symbolic expressive communication
in children with DS (Quinn et al., 2020).
Purpose
The purpose of the current study was to evaluate the effect of aided Alternative and
Augmentative Communication-Modeling (AAC-MOD) intervention on the communication skills
of preschool-age children with DS during dialogic book reading. The study addressed the
following research questions:
1. To what extent is AAC-MOD effective in increasing target vocabulary learning by
children with Down syndrome who use few words functionally?
2. During training, to what extent does AAC-MOD increase the number of expressive
communication acts, including verbalizations, picture pointing, and symbol production
(AAC), spontaneously before prompting?

Method
Participants
Children with DS, aged 3-6, were recruited from GiGi’s Playhouse- Tampa. Inclusion
criteria for participants included the following: (1) diagnosis of DS per caregiver report, (2) aged
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3-6 years, (3) vision and hearing within normal limits (or corrected to within normal limits
through medical intervention per caregiver report, (4) English as primary language in home, (4)
expressive vocabulary less than 75 intelligible words or signs per caregiver report, (6) fine motor
skills informally observed to be within functional limits; therefore, not interfering with their
ability to access the device (AAC-MOD component) (7) receptive vocabulary corresponding to
at least 18 months based on Preschool Language Scales-5th Edition (PLS-5) (Zimmerman et al.,
2011). Children with a receptive vocabulary corresponding to less than 18 months based on PLS5 (Zimmerman et al., 2011) were excluded on the basis that their language knowledge would
likely not be sufficient to attend to the stories and learn the target vocabulary words.
Three children were recruited and screened, and two children were selected, as they met
the specific inclusion criteria for the study, Participants B and J, aged 3;10 and 5;4 years,
respectively. See Table 1 for further demographic information provided from participants’
parents.
Participants were assessed prior to initiating the intervention with PLS-5 (Zimmerman, et
al., 2011). This testing took approximately 90 minutes. A survey was provided for parents to
disclose their child’s age, birth date, gender, race, ethnicity, languages spoken in home
environment, use of gestures/signs, previous use of AAC, and involvement in schooling. Parents
complete this survey on behalf of their child and family. Demographic information and PLS-5
results are detailed in Table 1.
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Table 1. Characteristics of the participants with Down syndrome.
Child Demographics

B

J

Age (Year; Month)

3;10

5;4

M

M

NOT Hispanic or Latino

NOT Hispanic or Latino

Asian & White

Black & White

English & Mandarin

English, Spanish, & French

Primary Language

English

English

Preschool Attendance Length

~1 year

3 years

With Parents

Verbal

Gestures & Verbal

With Siblings

Gestures & Verbal

Verbal

With Teachers

Gestures & Verbal

Gestures & Verbal

Verbal

Gestures & Verbal

Understand basic verbal instructions

Yes

Yes

Prior AAC experience

Yes

No

Unsure

N/A

2-3 times

N/A

SLP therapy

N/A

Age Equivalent (Years; Months)

2;2

2;3

Standard Score

67

54

Age Equivalent (Years; Months)

1;9

1;9

Standard Score

66

51

1;11

2;0

64

50

Sex
Ethnicity
Race
Languages Spoken at Home

Primary Communication Modality

With Unfamiliar People

Type
Frequency
Location
Developmental Skills
PLS-5
Auditory Comprehension

Expressive Communication

Total Language
Age Equivalent (Years; Months)
Standard Score

Note: Demographic and communication-based information received from parent surveys, which were both
filled out by participants’ mothers. Additionally, standardized test scores from PLS-5 included.
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Setting
The research location for intervention sessions was offered to take place in the following
locations: GiGi’s Playhouse-Tampa (where all children are enrolled), child’s home environment,
or their school setting in a private room. Out of convenience to the parents of children
participating in the study, parents selected their preferred location. Participant B’s sessions took
place in both GiGi’s Playhouse-Tampa and his home environment. Participant J’s sessions took
place in both his home environment and a private school setting.
Materials and Procedures
Books
Books utilized in this experiment were adapted from Story Friends books, which are
storybooks developed for preschool children with the purpose of improving oral language skills,
specifically vocabulary and comprehension, through interactive listening sessions (Goldstein &
Kelley, 2016). Story Friends books include engaging storylines, characters, and colorful
illustrations. Because these books were developed for typically developing preschool children,
they were adapted to contain language to meet the needs of children with developmental
disabilities, while maintaining the storyline depicted by the illustrations. This was accomplished
by adapting the text using more simplistic language (shorter sentences) and vocabulary. Target
vocabulary included mostly nouns, verbs, and few basic adjectives. The target words were
embedded into the narration of each story. Each storybook page contained a maximum of two
lines of text per page with approximately 10 total pages.
Vocabulary Selection
While adapting the story books for intervention, the experimenter developed a large pool
of potential target vocabulary words (~60 words) that related to the original storyline or
illustrations in the books. Because the goal was to identify basic vocabulary that would be
8

unknown to the participating children, this pool of words consisted largely of nouns, verbs, and
adjectives. Additional criteria for possible vocabulary included words that could be depicted by a
clear image and a simple definition (i.e., non-abstract language). The initial pool of words was
presented to the children prior to intervention (during baseline assessments) to assess their
knowledge of the words to inform selection of potential vocabulary targets for each book. The
presentation of the words was split up into manageable chunks during the session to avoid testing
fatigue. The interventionist presented approximately 10 words at a time, took a short break, then
resumed testing. Based on results of this baseline probing, four unknown words and two known
words were selected and included in the storyline of each of the six books for a total of 36 words.
Known vocabulary words were included in each story to limit discouragement when participants
did not know any unknown words.
AAC Device
An iPad with Proloquo2Go software was utilized during the AAC-MOD for this
experiment. Direct selection was utilized as the access method. To control selection, the images
included on the screen were spaced apart from one another, leaving approximately one inch
between each button on the grid. For each book, there was a total of six vocabulary words (four
unknown targets and two known words) on the screen.
Intervention Procedures
Children were involved in the study for approximately 8-12 weeks and participated in 2-4
single book-reading sessions per week with the interventionist. The intervention sessions lasted
approximately 30 minutes per book. Each book was read three times followed by post-testing to
assess vocabulary acquisition; after testing, a new book was introduced.
The intervention phase consisted of dialogic book reading, following a modified ReadAsk-Answer-Prompt (RAAP) strategy (Binger et al., 2010) plus aided AAC-MOD intervention.
9

The interventionist read a book to the child. On each page containing a target word, a least-tomost prompting hierarchy was used to promote errorless learning of the words. First, the
interventionist read the text aloud and pointed to the illustration representing the word in the
book. For example, if the page read, “The ELEPHANT is sleeping” the interventionist stated this
sentence verbally, while simultaneously pointing to the image of the target word in the book
illustration. After reading the page, the interventionist would then ask the child, “Show me
[target word].” For example, verbally stating “Show me ELEPHANT.” The speech output AAC
device (Proloquo2Go Software) containing images for each target word was positioned in front
of the child to allow the opportunity for the child to respond using the device. The interventionist
used a constant time delay of 5 seconds to elicit the child’s response. If the child did not provide
a response or responded incorrectly after the 5 second interval, the interventionist read the
sentence verbally again, but this time the target word was modeled on the speech output
technology for the child. For example, if the page read, “The ELEPHANT is sleeping” the
interventionist stated this sentence verbally, while simultaneously pointing to the target word
(image) on the AAC device. After modeling the target word on the device, the interventionist
again asked, “Show me [target word]” and waited the 5 second interval. If the child failed to
respond again or responded incorrectly, the interventionist used hand-over-hand to guide the
child’s arm to encourage their direct selection of the target vocabulary word with their finger on
the device. It is important that the hand-over-hand tactile cueing facilitated the child’s physical
selection with their own finger (as opposed to interventionist manipulating the child’s finger to
select) because this motor act has a significant impact on learning (Dukhovny & Gahl, 2014).
After the hand-over-hand guidance, the interventionist asked again, “Show me [target word].” If
no response was provided after this, the interventionist provided the response, “Here is [target
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word]” by modeling the correct word on the AAC device then moved on to the next page of the
story.
Data Collection
Vocabulary knowledge was measured at baseline, before and after each book (pre- and
post- tests) and six weeks after the last book was completed (maintenance test).
Baseline Vocabulary Assessments
Baseline assessments occurred two times. Children completed the initial probe of 60
possible targets twice. In baseline assessments, experimenters asked participants to identify the
target vocabulary word from a field of 4 images on a printed piece of laminated paper (1 correct
and 3 foil images) by stating the following, “Show me __________.” A correct answer to the
probe was scored if the child clearly pointed to the correct image. Data were recorded on a form,
indicating whether the child answered correctly, incorrectly, or refused to respond. It is important
to note that only words unknown to the child (baseline of zero) were selected as the final four
novel target words in each story. Baseline vocabulary probing took approximately 15-20 minutes
Pre- and Post- Vocabulary Assessments
Pre-testing took place immediately before introducing each storybook. If for any reason,
the participant knew a target word during pretest, an alternative higher-complexity word was
selected to replace the target and retested using the same procedures as baseline assessments to
ensure pretest scores were zero for all four novel words across all storybooks. One to two book
reading sessions were conducted per day depending on the child’s engagement. For example, if
the child requested “more” or independently grabbed the storybook to re-open the first page
following initial reading, the interventionist completed the second reading. This was done to
encourage their engagement and interest with the storybook. After completion of the third
session with each book, children were post-tested on the four novel target words included in the
11

book. Post-testing followed an identical procedure to pre-testing. Thus, the pre- and postvocabulary assessments were completed with each story in the set; therefore, there were a total of
six pre- and post- vocabulary assessments throughout. Pre- and post- vocabulary testing took
approximately 10 minutes each to complete.
Maintenance Assessments
Approximately 6 weeks post intervention, the experimenter conducted a follow-up task to
assess maintenance of intervention effects. Unlike pre- and post- tests conducted throughout
intervention phase, the maintenance task was conducted utilizing the AAC device. On the same
display presented during storybook sessions (3x2 grid with 6 total words corresponding to each
book), participants were probed with, “Show me [target word]” and expected to use direct
selection as they did during intervention sessions to select the target word. Data were collected
on the accuracy of their selection.
Expressive Responses During Training
Upon completion of pretesting, the intervention for each story book began. Throughout
intervention, data were collected to address the second research question regarding expressive
communication acts. Experimenters recorded every instance of expressive communication
exhibited during each book reading session with each child with every target word. Responses
were coded as gestures (i.e., symbolic sign or book pointing), verbalizations, and/or symbolic
responses (i.e., responding on the AAC device). The level of prompting required to elicit the
response was coded as an initial verbal stimulus (unprompted), or modeling prompt, or handover-hand prompt. These data were analyzed to determine if device usage, gestures, or
verbalizations changed during training.
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Social Validity
Post-intervention, informal semi-structured interviews were conducted with parents of
participants. Sessions were audio recorded and transcribed. The experimenter asked parents
about their child participating in another similar program, their perceived effects of intervention
on their child’s language and engagement during storybook sessions, as well as their thoughts
about using this program with their child on their own. Specific questions are included in
Appendix 1.
Reliability
To ensure reliability, an undergraduate student accompanied the interventionist to over
20% of the intervention sessions. Both the interventionist and second observer scored the
expressive communication data collection forms independently, then compared results to ensure
interobserver agreement. A second observer was utilized specifically for the secondary variable,
as the data associated with this variable were more complex; therefore, higher likelihood of
observer bias. An interobserver agreement average score of 91% was obtained.
Experimental Design and Analysis
This experiment used a single-subject, repeated acquisition experimental design to
examine the effects of instruction on target vocabulary word learning and expressive symbolic
communication acts via speech output technology, verbalizations, or gestures. Visual analysis for
both dependent variables was used to judge the effect of the independent variable based on level,
trend, and latency of effects.
The independent variable was aided AAC-modeling provided during the intervention
phases and research question one was vocabulary acquisition (i.e., the number of previously
unknown target words correctly identified at post-test on the receptive vocabulary measure). This
design allowed for repeated measurement of the vocabulary knowledge (same behavior) across
13

different sets of target words each week replicated across participants (Kennedy, 2007; PetersSanders et al., 2019). Repeated demonstration of target vocabulary learning was assessed
through comparison of pre- and post-intervention responses to determine the effect of
intervention on vocabulary learning. Data for the primary dependent variable was analyzed using
figures showing the books along x-axis and number of words correct on the y-axis, with a pretest and post-test scores showing the extent to which vocabulary learning occurred in a
predictable fashion as intervention was introduced for each book.
The second research question focused on expressive communication acts (i.e., use of
gestures, verbalizations, symbol choice AAC responses). This question was assessed by
analyzing trends in the data across intervention sessions. The tallying of the number of times the
child correctly verbalized, gestured, or utilized the AAC device in response to the discriminative
stimuli or two levels of prompting during intervention sessions were summarized as the children
progressed through the books.
Results
Target Vocabulary Acquisition
The effects of the AAC-modeling intervention within dialogic reading on vocabulary
acquisition were analyzed by graphing the scores of the pre- and post- vocabulary test scores for
each storybook. Figure 1 includes the results for both participants. The x-axis indicates each
storybook, and the y-axis indicates the corresponding pre- and post-test vocabulary scores
(number of words learned out of four). Additionally, the y-axis depicts scores received on
maintenance testing for each book (depicted as diamond shapes). Baseline pretest scores were
zero for both participants for each book. According to the repeated acquisition design, evidence
of treatment effects was repeatedly examined through comparison of pre- and post-test scores for
each storybook and across participants (Kennedy, 2007; Peters-Sanders et al., 2019). A
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functional relationship (intervention effect) was determined through examination of the number
of vocabulary words learned across the intervention for both participants.
As can be seen in Figure 1, pre- to post-testing improvements were seen repeatedly for
each book. Participant B learned all four words for two books, three words for three books, and
two words on one book. Participant J learned all four words for one book, and three words for
the remaining five storybooks. Both participants maintained at least two words per storybook, as
evidenced by their scores on maintenance probes.
Figure 1. Results for target vocabulary acquisition (number of words learned)

Participant J

Word Learning Accuracy

4

4

4

3

3

2

3

2

3

3

2

3

3

2

2

1

0

0

0

PrePost

F/U

EFD

0

PrePost
JFB

F/U

0

PrePost

F/U

MMA

0

PrePost
NJF
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F/U

0

PrePost
LLR

F/U

PrePost
LBF

F/U

Expressive Responses during Training
Results for the intervention effects on expressive communication acts are presented in
Table 2. For symbolic responses, accurate responses after initial stimulus presentation (i.e.,
“Show me [target word]”) were of particular interest in this study. Because changes in oral and
non-oral expression was not directly targeted a descriptive analysis documented the nature of
expressive responses across books.
Upon inspecting the data for Participant B, both verbalizations and AAC usage increased
across intervention sessions. It is important to note that there was a total of 12 opportunities (for
each modality) for participants to respond to initial stimuli. For Books 4 and 6, Participant B
responded more than 12 times; meaning, he often combined communication modalities (typically
verbalizations and AAC device). Participant B’s parent specifically commented on her son’s
frequent imitations of the speech output technology; she shared that she often struggles to elicit
verbalizations from her son in imitation of her own verbal language, so this behavior pleasantly
surprised her. See social validity interview responses for further details. This suggests that the
speech output technology may have a facilitating effect on verbal language expression.
Regarding gestures (i.e., book pointing) for Participant B, no remarkable trends were present.
Upon inspecting the data for Participant J, less noteworthy trends were present for AAC
device usage across intervention. However, his device usage increased over time (from no usage
in the initial session to three times in the final session). His verbalizations and gesture use (i.e.,
book pointing) both increased over time. Specifically, he correctly verbalized an average of 4.3
times over intervention, compared to 1.7 times and 1.5 times for book pointing and device usage,
respectively. His responses were often echoic in nature, as indicated by informal observations of
Participant J’s communication and parent report.
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Table 2. Accurate expressive responses to initial training trials (maximum 12 responses per modality per book)

Participant B
Verbalizing
Book Pointing
AAC Device

Book 1
5
1
2

Book 2
7
0
5

Book 3
5
1
7

Book 4
5
3
9

Book 5
4
2
6

Book 6
6
1
9

Average
5.3
1.3
6.3

Book 1
2
1
0

Book 2
4
1
0

Book 3
4
1
3

Book 4
3
0
3

Book 5
6
2
0

Book 6
7
5
3

Average
4.3
1.7
1.5

Participant J
Verbalizing
Book Pointing
AAC Device

Social Validity
Interview responses from a parent of each participant are summarized below. Participant
B’s mother reported she would absolutely participate in a similar program again, specifically
reporting that her son has become more communicative with initiating, using more words
verbally, increased responsiveness to questions, and generalized use of new vocabulary to home
contexts. She reported feeling surprised about the high level of engagement she observed
throughout sessions and stated, “I think, overall, I was just very pleased and happy and actually a
bit surprised to see how engaged he was.” She emphasized that, despite his mood/frustration
level upon initiation of treatment sessions throughout intervention, the use of the device captured
his engagement consistently, “It pushes him into a different space where he is now engaged in
the task at hand.” Per parent report, prior to intervention, Participant B rarely participated in
shared reading time, as he would often grab the book, refuse engagement with a shared reading
partner, and walk away. Participant B’s parent expressed interest in utilizing this program, or a
similar program. Prior to this study, she had been utilizing no-tech AAC (laminated images),
which she attempted to use within naturalistic contexts. She feels that a high-tech AAC system
(as used in this study) would be far more feasible to use during naturalistic interaction with her
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son. Additionally, she recognizes that her son’s engagement with the speech output technology
utilized in the study was far higher than his engagement with her current system (i.e., no-tech
AAC). In fact, she not only expressed interest in purchasing this specific AAC program
(Proloquo2Go) for her personal use with her son, but also in purchasing multiple programs as a
donation for GiGi’s Playhouse-Tampa to be used within literacy tutoring programs and
speech/language interactive groups for all participants. She reported that if the program were
longer, she believes there would be lasting effects, and she reiterated her interest in using this
program at home as well, to reinforce of concepts outside of the training sessions.
Participant J’s mother also reported she would be “100%” interested in participating in
this program or a similar program again if given the opportunity, specifically reporting an
increase in her son’s engagement and motivation with books, “What I saw in this program was a
child who used to love to read, at his level of reading, become disillusioned because of
assessments in the school system; and within a couple of sessions of the intervention, he was
wanting to read again and taking books off the shelf by himself.” When asked whether she
believed the intervention had an impact on her son’s use of language, she reported an increase in
vocabulary, growth in storybook reading acceptable behaviors (reduced distractibility, patience
before turning the page), increased initiation with reading, increased engagement while reading,
and increased verbal language expression (repeating, singing songs, verbalizing along with
books). When asked if she perceived any long-term effects related to this program, she stated yes
and further elaborated on her appreciation of this program’s errorless learning procedures; she
believes this had a largely positive effect on his learning due to his increased reliance on positive
feedback and socially rewarding interaction to maintain motivation. She verbalized interest in
utilizing this program independently with Participant J, emphasizing that she will likely require
further training to execute effectively. Finally, prior to the program, she reported feeling
18

“skeptical” of the idea of “iPad usage”, but now feels the use of the iPad (AAC) not only
increased engagement but the “multiple modality” input also was important in her son’s ability to
learn throughout this intervention.
Discussion
The primary purpose of this study was to examine to what extent AAC-MOD within
dialogic storybook reading intervention is effective in increasing the vocabulary acquisition and
expressive communication acts by children with DS, who use few words functionally. Results of
this experiment indicate a functional positive relationship between intervention and both
dependent variables for both participants, which suggest that this intervention may be an
effective strategy to teach target vocabulary words and increase expressive symbol production in
this population.
Vocabulary Acquisition
Participant B learned an average of 3.33 words per storybook and maintained knowledge
of an average of 2.83 words per storybook at six weeks post intervention. Participant J learned an
average of 3.16 words per storybook and maintained knowledge of an average of 2.5 words per
storybook. This indicates that the intervention had a functional relation with vocabulary
acquisition for both participants; they both learned at least three words and maintained at least
two words across all six storybooks.
During the maintenance task for Book 4, it is important to note that Participant B scored
higher than his post-test score. That is, he correctly identified more words during the
maintenance task than during the intervention condition. Similarly, Participant J had a higher
maintenance score for Book 3. This may be attributed to multiple factors, including higher
engagement with the device compared to the printed cards utilized during pre-and post-tests, the
decreased foil complexity (i.e., all target words corresponding to the same storybook), additional
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exposure to the words outside of treatment sessions (i.e., parents reviewing or using the words at
home), or simply by chance selection.
Expressive Communication Acts
Both participants had an increase in number of expressive communication acts, following
the initial verbal stimulus, across the intervention. Specifically, Participant B exhibited an
increase in AAC device usage and verbalizations across intervention. He often combined these
two communication modalities in his responses, which indicates that speech output technology
may have a facilitating effect on verbal language production. While Participant J exhibited less
remarkable AAC device usage, his accurate verbalizations markedly increased across
intervention sessions. It is important to note that these increased verbalizations may be partly
imitative in nature. This observation is consistent with both interventionist’s observations and
parental report, as Participant J frequently repeats his communication partner during
conversation. Despite this, these findings support the facilitating effect of AAC on verbal
language expression in children with limited functional communication skills.
Relation to Current Evidence
Overall, this AAC-MOD intervention had a functional positive relationship (intervention
effect) with vocabulary acquisition and expressive symbolic production for two children with DS
with limited functional verbal communication skills. Results of this experiment contribute to the
current evidence base on this topic, which indicates that AAC language-modeling (AAC-MOD)
is an effective strategy for teaching vocabulary in children with developmental disabilities (Dada
& Alant, 2009; Drager et al., 2006; Harris & Reichle, 2004; Quinn et al., 2020). This study
followed a similar model to Quinn et al. (2020) through specifically utilizing AAC-MOD with
speech output technology (Proloquo2Go) within dialogic storybook reading to teach target
vocabulary words to preschool-age children with DS. Results of this current study align with
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their findings, concluding that AAC-MOD was effective for teaching target vocabulary and
increasing rate of symbolic communication in pre-school age children with DS. It is important to
note that, since Quinn et al. (2020) was the first study to investigate AAC-MOD in isolation of
other comprehensive AAC interventions, future research in this area is critical.
As previous researchers recommended (Almeida Barbosa et al., 2018; O’Neill et al.,
2018; Quinn et al., 2020), this study investigated the impact of aided AAC input with speech
output technology. Results contribute to the proposed idea that this speech output component,
allowing the children to receive this information through an additional modality, has a facilitative
effect on communication skills (Almeida Barbosa et al., 2018; O’Neill et al., 2018). Per the
experimenter’s informal observations and caregiver’s social validity interviews, the use of
speech output technology not only had a positive impact on word learning and symbolic
communication skills, but also appeared to greatly increase the child’s engagement during shared
book reading sessions.
Limitations and Next Steps
There are limitations associated with this study that should be addressed. Primarily, the
small participant pool limits generalization of results. Additional studies using a repeated
acquisition design replicated with more participants would be beneficial, allowing more
confident claims to be made about intervention effects. Similarly, although the intervention
purposely included six storybooks, there would be clear benefit of repeating the intervention with
more storybooks. Additionally, this study intentionally assessed participants’ knowledge of the
target words with a receptive knowledge assessment (field of four images), meaning that the
child had a 25% chance each time of randomly selecting the appropriate target word. Although a
field of four images was considered an appropriate foil complexity, it is important to consider
when interpreting results of the intervention.
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Furthermore, trained interventionists/caregivers are required to implement this program
to control both the environment and intervention itself. That is, participants in this study
exhibited excitement associated with the novelty of the device (interest in holding the device
independently and pulling it closer to them), which may be overwhelming to a sole
interventionist who is unfamiliar with the child. Environmental controls, such as strategic
placement of the storybook and iPad to reduce perseveration on the device was required in early
sessions while the device was most novel and unfamiliar. Future studies may benefit from
strategic placement and mounting of the device in a stable location to make it easier for the
interventionist to control environmental factors.
Finally, the current study design implemented multiple storybook sessions (2-4) per
week, so feasibility may be an issue. Children typically receive speech and language therapy
services once or twice weekly. Future studies should aim to identify the effects of the
intervention when provided in different doses, or with fewer sessions per week, to simulate a
more typical treatment schedule. Future research also may focus on caregiver implementation of
similar programs with their children. Dodge-Chin et al. (2021) recently investigated the
feasibility of a telepractice communication partner intervention for children who utilize AAC
with their parents. Results demonstrated an effect between the intervention instruction and the
caregiver’s appropriate use of the intervention, which suggests that this service delivery shows
promise for not only effective caregiver training, but also AAC-based intervention (Dodge-Chin
et al., 2021). Similarly, Douglas et al. (2021) explored effectiveness of “whole family
intervention” by investigating the use of telepractice to deliver caregiver training for aided
language modeling (i.e., AAC-MOD). Results of their work indicated that the involvement of
caregivers increased the child’s independent communication and rate of AAC use (Douglas et
al., 2021). Like the current study, Douglas et al. (2021) conducted social validity interviews
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revealing that caregivers found the intervention effective. This indicates that caregivers have a
high interest in becoming more hands-on during therapy with their children. Thus, it is important
to study the impact of caregivers’ involvement in interventions such as this one.
Conclusion
Results from this study indicate that AAC-MOD intervention, which included a dialogic
storybook reading approach, appears to be an effective intervention to teach target vocabulary
and increase expressive communication acts, including verbalizations and symbolic
communication via speech output AAC, in children with DS with limited vocabulary and overall
language skills. These findings contribute to the existing evidence base on this topic, suggesting
the positive impact of AAC-MOD on the language of children with minimal functional speech
and language skills. Future studies should continue to investigate the effect of AAC-MOD with
speech output technology in isolation of other comprehensive AAC interventions. These studies
also should investigate the effectiveness of caregiver implementation of these programs to
increase access and feasibility. Overall, more research is necessary to determine the effects of
this AAC-MOD intervention within dialogic reading on the long-term communication outcomes
in children with DS.
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Appendix 1
Post-intervention Parent Interview Questions (Social Validity)
1. Would you have your child participate in a similar program again, if given the
opportunity?
1. If yes, why? What aspects of the program made you feel this way?
2. If no, then what aspects of the program made you feel this way?
2. Do you think the intervention had an impact on your child’s use of language?
How?
Initiating more communication, talking more, responding, or understanding more,
new vocabulary?
3. Do you think the intervention had an impact on your child’s attention (or
engagement) during shared storybook reading?
1. If yes, what changes did you noticed in your child’s engagement during
shared reading? Was this only during the intervention sessions or during
storybook reading with you or others?
4. Do you think the time required for this intervention was worthwhile?
5. Do you think there were any long-term effects that you would attribute to this
program?
6. What are your thoughts about using this program or something similar on your
own?
1. If so, what kind of help would you require to do so?
7. Do you have any additional observations you would like to add?
1. Anything surprise you because of your child’s participation?
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